Neuroimaging studies of patients with mental disorders have been conducted with the main aim of providing evidence of the neurological bases of such diseases. Such knowledge is expected to contribute to a better understanding of the neuropsychological mechanisms of psychopathology and consequently to the improvement of psychological and biological treatments ([@bib0015]; [@bib0275]). Phobias are a type of anxiety disorder and refer to a high persistent anxiety response that people usually (but not always) consider excessive or irrational to the presence or anticipation of a threatening object or situation (American Psychiatric Association, [@bib0020]). According to the APA, three groups of phobias (i.e., agoraphobia, social phobia, and specific phobias) are the most prevalent mental disorders overall. Of these, specific phobias have the highest prevalence rates, which range from 7% to 12.1% ([@bib0020]; [@bib0155]). [@bib0095] pointed out that small animal phobia is one of the most disabling phobias because there is a possibility of encountering the animal in everyday life. According to these authors, 40% of specific phobias are phobias of small animals.

As shown by systematic reviews ([@bib0110], [@bib0180]) and meta-analyses ([@bib0125]; [@bib0145]), neuroimaging studies of phobias have found a group of similar brain areas and circuits to be related to brain responses to phobic stimuli. The areas most often found are those associated with limbic and paralimbic structures. The amygdala (especially the left amygdala) is the brain structure that has been found to be most closely associated with specific phobia in several studies ([@bib0070]; [@bib0090]; [@bib0115]; [@bib0130]; [@bib0175]; [@bib0185]; [@bib0235]; [@bib0240]). However, other brain areas have also been found to be activated by phobic stimuli. Such is the case of the left insula, cingulate gyrus, medial prefrontal cortex, hippocampus, and orbitofrontal cortex ([@bib0130]; [@bib0215]; [@bib0265]; [@bib0280]).

The differences between those studies illustrate the complexity of neurological processes in phobias. However, the differences found may also be due to the methodological characteristics of those studies. In fact, studies differ from one another in many ways. A few examples are the use of clinical or subclinical samples, the type of phobia, age, gender, the presence or absence of a control comparative group, and procedural differences. In this regard, not all studies used the same type of fMRI machine. Despite commercial differences, most of the studies used 1.5 T machines. Machines with higher spatial resolution such as the one used in this study--3 T--allow a better delimitation of the brain structures detected and may explain some slight differences found between studies. There may also be specific effects depending on whether participants are shown pictures or a video presentation.

Considering the above, a more refined meta-analysis was performed of studies including an fMRI procedure whose participants included persons with small animal phobia and a healthy control group. The left amygdala and insular cortex were the brain areas found to be associated with the presence of phobic stimuli. Other structures involved in phobic responses were the fusiform gyrus, the left dorsolateral prefrontal cortex, and the left cingulate cortex. Overall, this review found that the role of frontal areas seemed to be less stable than that of limbic areas ([@bib0210]). Considering the findings of the above-mentioned review, the aim of the present study was to provide data about brain activation in individuals with specific phobia (i.e., cockroach phobia). To do so, we intended to compare a group of persons with cockroach phobia to a control group of individuals without phobia. The fMRI was performed while participants watched a 3D video presentation of the stimuli, cockroaches moving around, to enhance the sensation of presence. This study was designed with these methodological requirements in order to avoid the heterogeneity of data obtained in previous studies. Apart from taking into account patients' treatment preferences ([@bib0100]), as [@bib0055] pointed out, a multi-method approach is needed to increase the accuracy in selecting the best psychological treatment. In this regard, knowing which nuclei of the brain are related to fear can be a predominant step to improve the strategies aimed at eliminating its pathological learning ([@bib0030]).

Method {#sec0005}
======

Participants {#sec0010}
------------

The sample was composed of 24 adults, of whom 12 had cockroach phobia and 12 did not have any phobias. Each of these two groups included eight female participants and four male participants. The mean age of phobic individuals was 40.08 years (*SD* 11.96) and that of non-phobic individuals was 24.08 years (*SD* 7.73). There was a significant difference between both groups in age (*F*(1)= 15.15; *p* = .001). All participants were right handed. For phobic individuals, we applied the following inclusion criteria: Being an adult with this type of phobia; the phobia had to be a primary psychological disorder and not be explained by another health condition, including another phobia or panic attack. The remaining inclusion criteria were not receiving any treatment for cockroach phobia, being right handed, having normal vision, and not having any impediment for a magnetic resonance imaging session. Non-phobic participants were recruited in a similar way among the students of the University of La Laguna in Tenerife, Spain. In this case, subjects obtained course credit in exchange for their participation.

Instruments {#sec0015}
-----------

In order to verify the diagnosis of phobia, we used the questions about phobias and panic disorder of the *Composite International Diagnostic Interview* (CIDI), Version 2.1 ([@bib0160]). The CIDI is a structured interview for major mental disorders according to the CIE-10 criteria (World Health Organization, [@bib0270]). For the purposes of this study, items/questions related to specific phobia, social phobia, agoraphobia, and panic attack were selected. In addition, to verify whether participants met the inclusion criteria, a semi-structured interview was conducted asking for each specific criterion. Participants diagnosed with specific small animal phobia were included (F40.218; [@bib0270]). The Hamilton Anxiety Scale (HAM-A) and S-R Inventory of Anxiousness were administered as a complementary diagnosis.

The HAM-A ([@bib0140]) is a rating scale for clinicians developed to measure the severity of a patient\'s anxiety. It assesses 14 areas with a 5-point scale. It is a well-established scale ([@bib0245]) with adequate psychometric properties, especially inter-rater reliability (interclass correlation coefficients ranged from .74 to .96; [@bib0075]). In phobic participants, a score of 14 or higher was required.

The S-R Inventory of Anxiousness ([@bib0120]) is a 14-item inventory that assesses the most usual symptoms (physiological, cognitive, and behavioral) associated with the response to an anxious stimulus with a 5-point Likert scale. The evaluator points out the target phobic stimulus (in our case, cockroaches) prior to the participant\'s response. This instrument has high internal consistency (.95; [@bib0120]) and adequate convergent validity ([@bib0150]).

Hand preference was assessed with the *Edinburgh Handedness Inventory* ([@bib0200]).

The nuclear magnetic resonance device used was a GE 3.0 T Signa Excite HD. Given that anxious participants could drop out of the study if they felt distress in the magnetic resonance device, an ASSET method (with 35 images with ang= 50°, TE= 2.1 ms, TR = 150 ms, 32 × 32 matrix and 6 mm slice width) was chosen to reduce time in the machine. Functional images were recorded with Gradient Echo (TR= 2000 ms, TE= 30 ms, FA = 75°, FOV = 25.6, Dim. Image = 64 × 64 × 32, Dim. Voxel = 4 × 4x4 mm).

Design {#sec0020}
------

A two-group experimental design was used ([@bib0195]): phobic versus non-phobic individuals. Both groups were exposed to two different conditions: phobic stimuli (cockroaches) and neutral stimuli (wooden balls). Given that we used passive stimulation, a block design was used to present the stimuli in the magnetic resonance device. Each participant was randomly presented with 16 blocks of cockroach images and 16 blocks of images of wooden balls. The duration of each block was 20 seconds. All images had an identical white background. Participants were exposed to phobic and neutral stimuli in a stereoscopic 3D video with VisualStim digital MRI compatible 3D glasses (graphics card: GeForce 8600GT).

Procedure {#sec0025}
---------

The study was conducted from April to July 2016. Phobic participants were recruited through various media (website, press, flyers, radio, TV, and newspapers), asking for persons with small animal phobia to participate in an fMRI research study. It was explained that after participating in the study, subjects would receive an eight-session psychological treatment for cockroach phobia. Once verifying participants met the inclusion criteria (through the interview and questionnaires), participants were asked to undergo the magnetic resonance test. Prior to that, they signed an informed consent protocol. All participants who met an initial diagnosis of specific phobia (according questionnaire scores), was corroborated by the semi-structure interview (only participants with no-removable metallic belongings, such as implants or devices, were excluded due its interference with fMRI analysis). Participant in non-phobic group were assessed with the same instruments in order to determine they did not meet the criteria for phobic disorder.

This study was approved by the Ethics Committee for Research and Animal Welfare of the University of La Laguna (ref. CEIBA2012-0033).

fMRI and data analysis {#sec0030}
----------------------

Brain images were analyzed with Statistical Parametric Mapping (SPM 12) software. Pre-processing procedures included realigning, co-registering, segmenting (with forward deformation fields), normalizing (structural images with a 1 × 1x1 mm voxel size and functional images with a 4 × 4x4 mm voxel size), and smoothing (Gaussian Kernel of 8 mm, FWHM). Images were rendered and adjusted to the standard brain template of the Montreal Neurological Institute (MNI). In addition, the Xjview 8.14 package was used for neuroanatomic identification of active brain structures.

As regards specific statistical analyses, a whole-brain study with hierarchized random effects was performed as a general linear model. Intra- and intergroup analyses were made by conducting *t*-test comparisons. Because there was a significant difference in age, the age variable was introduced as a vector in those analyses (as a covariate).

As a conservative strategy, the Family-Wise Error (*p*\<.05 FWE corrected) correction was used to assume when brain activation reached statistical significance. However, non-corrected probabilities were admitted when they were congruent with the biological model of phobias (but never higher than .005, uncorrected). With a voxel size of 4 × 4 × 4 mm, activations equal to or higher than a cluster size of 5 were selected.

Results {#sec0035}
=======

In order to test for internal validity, preliminary ANOVAs were performed to compare the differences in anxiety and phobia scores between the phobic group (PhG) and the non-phobic control group (CG). In general anxiety (HAM-A scale), the PhG showed a mean (*M*) of 18.25, with a standard deviation (*SD*) of 10.18. The CG had a *M* = 0.67, and a *SD* = 1.37. The ANOVA yielded an *F*(1) = 35.15, which was statistically significant (*p* = .001). In the phobia score (S-R scale), the PhG had a M = 27.5 (*SD* = 7.88) and the CG had a *M* = 7.75 (*SD* = 5.88). This difference was also significant \[*F*(1) = 48.42; *p* = .001\]. These data show that the PhG had higher scores in anxiety and cockroach phobia than the CG.

After testing for internal validity, the analyses were divided into two groups: First, we compared the brain activation of both the PhG and CG in the presence of phobic stimuli and neutral stimuli. Second, we compared the responses of the PhG and CG.

Phobic group {#sec0040}
------------

In this section we describe the results in brain activation obtained by the PhG when phobic stimulation and neutral stimulation were compared. Data are summarized in [Table 1](#tbl0005){ref-type="table"}. These results correspond to the situation when phobic stimuli elicited a greater activation than neutral stimuli, because, as expected, participants did not show a greater activation in the presence of neutral stimuli compared to phobic stimuli.Table 1Differences in functional brain activation in phobic participants. A greater activation was recorded in the presence of phobic stimuli, with FWE corrected and uncorrected *p*-value.Table 1SideCoordinates*t* value*p*Cohen\'s *d*\*ThalamusRight22, -28, -26.79.001 uncorr.2.90ThalamusLeft−22, -28, -28.93\<.0001 uncorr.3.81PulvinarRight21, -28, 26.15\<.0001 uncorr.2.62PulvinarLeft−21, 28, 26.06\<.0001 uncorr.2.07AmygdalaRight30, 0, -184.85.001 uncorr.2.01AmygdalaLeft−22, 0, -184.72.001 uncorr.3.15Superior occipital gyrusRight26, -72, 307.38\<.0001 FWE corr.2.55Superior occipital gyrusLeft−22, -72, 345.99\<.0001 FWE corr.5.19Inferior occipital gyrusLeft−42, -76, -212.17\<.0001 FWE corr.4.25HippocampusLeft−26, -28, -69.97\<.0001 FWE corr.2.01Parahippocampal gyrusRight34, -4, 224.71.001 uncorr.1.54Parahippocampal gyrusLeft−34, -4, -223.62.001 uncorr.1.94Posterior cingulate gyrusRight10, -44, 64.55.001 uncorr.1.55Posterior cingulate gyrusLeft−10, -44, 63.63.001 uncorr.1.45Anterior cingulate gyrusLeft−6, 36, 23.40.002 uncorr.3.48Superior parietal lobuleLeft−22, -64, 548.17\<.0001 FWE corr.4.65Fusiform gyrusRight42, -56, -1810.90\<.0001 FWE corr.3.45Fusiform gyrusRight30, -84, 28.08\<.0001 FWE corr.4.61Middle temporal gyrusRight46, -68, 610.80\<.0001 FWE corr.1.42InsulaRight46, 12, -23.34.002 uncorr.1.80InsulaLeft−34, 4, 184.22.001 uncorr.3.40Inferior frontal gyrus (p. triangularis)Right54, 20, 227.97\<.0001 FWE corr.3.13Inferior frontal gyrus (p. orbitalis)Right46, 32, 27.34.002 FWE corr.2.75Inferior frontal gyrus (p. orbitalis)Right30, 28, -106.46.015 FWE corr.2.81Inferior frontal gyrus (p. orbitalis)Left−26, 32, -26.58.015 FWE corr.2.64Inferior frontal g. (p. opercularis)Right42, 8, 346.18.015 FWE corr.2.71Inferior temporal gyrusLeft−42,-36, -186.35.015 FWE corr.2.70Precentral gyrusLeft−50, 4, 426.34.004 FWE corr.2.59Posterior-medial frontal gyrusRight6, 20, 626.07.015 FWE corr.2.80Globus PallidumRight18, -4, 26.57.007 FWE corr.2.59PallidumLeft−14, 0, 26.07.007 FWE corr.3.46Cerebellum (VI)Left−34,-52, -228.11\<.0001 FWE corr.2.81[^1]

As can be observed, differences in brain activation (i.e., phobic stimulation) were found in the thalamus, pulvinar nucleus, and amygdala; all areas were bilaterally activated). Differential activations were also detected in the superior occipital gyrus (bilateral), and inferior (left), left hippocampus, and parahippocampal gyrus (bilateral). Similar results were found for the cingulate gyrus: the posterior cingulate gyrus showed a bilateral activation but the anterior cingulate (and superior parietal) gyrus only showed activation on the left side.

Two areas were activated on the right side: the fusiform gyrus and middle temporal gyrus. The insula had bilateral activation. The inferior frontal gyrus had a differential activation depending on the brain side: its pars triangularis and opercularis were activated on the right side. By contrast, the pars orbitalis showed activation in two areas on the right side and in one area on the left side.

Finally, [Table 1](#tbl0005){ref-type="table"} shows the differences in both left inferior and left precentral circonvolutions, in the posterior part of the right medial frontal gyrus, in the globus pallidum, and in two areas of the left cerebellum.

Non-phobic group {#sec0045}
----------------

The initial results were similar to those of the phobic group but affected fewer brain areas. As shown on [Table 2](#tbl0010){ref-type="table"}, the thalamus, pulvinar nucleus, and amygdala were bilaterally activated by phobic stimuli. The inferior occipital gyrus (left), hippocampus (but only the right side), hippocampal gyrus (only left), and superior parietal lobule (only right) were also activated. The superior occipital gyrus was activated by phobic stimuli, but only on the right side and not bilaterally, as happened in the PhG; moreover, in the non-phobic group activation on the right side was observed in the inferior frontal gyrus (pars triangularis and opercularis) and fusiform gyrus. The precuneus was activated in this group but not in the phobic group.Table 2Differences in functional brain activation in non-phobic participants. A greater activation was recorded in the presence of phobic stimuli, with FWE corrected and uncorrected *p*-value.Table 2SideCoordinates*t* value*p*Cohen\'s *d*ThalamusRight22, 28, -26.22.001 uncorr.2.65ThalamusLeft−22, -28, -28.32\<.0001 uncorr.3.55Pulvinar nucleusRight21, -28, 24.97\<.0001 uncorr.2.12Pulvinar nucleusLeft−21, 28, 25.51\<.0001 uncorr.2.35AmygdalaRight30, 0, -183.55.001 uncorr.1.51AmygdalaLeft−26, 0, -185.28.001 uncorr.2.25Inferior occipital gyrusLeft−42, -76, -216.87\<.0001 FWE corr.7.19Superior occipital gyrusRight26, -72, 307.66.05 FWE corr.3.27HippocampusRight26, -28, 610.45\<.0001. FWE corr.4.46Parahippocampal gyrusLeft−18,-28, -1010.43.0001 FWE corr.4.45Superior parietal lobuleLeft−26, -64, 547.13\<.0001 FWE corr.3.04PrecuneusRight14, -60, 628.26\<.0001 FWE corr.3.52Fusiform gyrusRight38, -52, -1811.26\<.0001 FWE corr.4.80Inferior frontal gyrus (p. triangularis)Right54, 20, 228.94\<.0001 FWE corr.3.81Inferior frontal gyrus (p. opercularis)Right46, 8, 386.69.001 FWE corr.2.85

Differences between the phobic and non-phobic groups {#sec0050}
----------------------------------------------------

Given that a significant difference was found in age between both groups, the age variable was introduced as a covariate. No statistically significant results were found regarding the modulating role of age in the following results. For all dependent variables, there were not F value higher than *F*(1,20) = 14.82 (coefficient from which age could be considered to play a significant role).

When both groups were compared in the phobic stimuli condition (see [Table 3](#tbl0015){ref-type="table"}), the PhG showed a significantly higher activation in left side structures such as the thalamus, anterior cingulate gyrus, insula, and inferior temporal gyrus. On the right side of the brain, a higher activation was observed in the parahippocampal gyrus, inferior frontal gyrus (pars orbitalis), and middle temporal gyrus. The non-phobic group showed a higher significant activation in the left middle temporal gyrus.Table 3Differences in functional brain activation between the phobic and non-phobic groups under the phobic stimuli condition, with FWE corrected and uncorrected *p*-value.Table 3Phobic \> ControlSideCoordinates*t* value*p*Cohen\'s *d*ThalamusLeft−14, -16, 183.18.005 uncorr.1.32Parahippocampal gyrusRight26, -44, 23.80.009 FWE corr.1.62Anterior cingulate gyrusLeft−6, 36, 23.18.003 uncorr.1.32InsulaLeft−26, 16, 143.95.007 FWE corr.1.08Inferior frontal gyrus (p. orbitalis)Right30, 28, -103.01.001 uncorr.1.58Middle temporal gyrusRight54, -56, 103.75.01 FWE corr.1.06Inferior temporal gyrusLeft−58, -60, -23.70.009 FWE corr.1.62Control \> PhobicMiddle temporal gyrusLeft−66, -28, -64.77.006 FWE corr.1.17

To illustrate the differential activations found between both groups, [Figure 1](#fig0005){ref-type="fig"} shows standardized brain activations during phobic stimulation for the phobic and non-phobic groups. As can be observed, both groups produced an emotional activity responding to phobic stimuli. But PhG attained higher brain activity (more yellow colour). This higher hemodynamic response can be observed, practically, in all brain slices. Also, it can be observed a more bilaterally activation in phobic individuals.Figure 1Graphical representation of differential brain activations of phobic group (PhG) versus non-phobic control group (CG).

Discussion {#sec0055}
==========

In this study we attempted to answer two questions about brain activation in specific phobia. We intended to explore the differences under phobic stimulation vs. non-phobic stimulation and the differences between phobic and non-phobic individuals under phobic stimulation. In order to obtain a sample with greater homogeneity than that of previous studies, cockroach phobia was selected as the specific phobia. In addition, to increase the realism of stimuli, a 3D video stimuli presentation was used.

When we analyzed the brain responses of phobic individuals under phobic vs. neutral stimulation, we found a significant differential activation pattern that was consistent with previous data. The results obtained were congruent with a model of the existence of a two-route functional network in processing feared stimuli ([@bib0105], [@bib0135], [@bib0205]). According to this model, the information related to emotional stimuli follows a dual route toward the amygdala: (i) a "short and non-conscious route" that involves a direct link between the thalamus and the amygdala; and (ii) a "long and conscious route" that involves the thalamus-sensory and association cortex-entorhinal cortex-hippocampus-subiculum-amygdala. Both routes are used by emotional responses to phobic stimuli, with their behavioral, cognitive, physiological, and endocrine components.

In our study, individuals with phobia exhibited a differential bilateral activation of the thalamus that was greater on the left side and a differential activation of the amygdala ("short route"). In the "long route" we observed a differential activation of the superior and inferior occipital gyri (also detected by [@bib0110]). [@bib0170] found that these areas were highly sensitive to emotional visual information. Moreover, the intense activation of the hippocampus (bilaterally) indicates a certain level of perceived threat ([@bib0035], [@bib0040]). The pulvinar portion is associated with the integration of sensory stimulation and attention. Along with the amygdala, the anterior cingulate gyrus is also involved in fear processing (with awareness in the long route and without awareness in the short route) and response modulation ([@bib0105]). In phobic individuals, the anterior cingulate gyrus is activated on the left side, while the posterior cingulate gyrus is bilaterally activated. These data are consistent with those reported by [@bib0065], and [@bib0190]. By contrast, [@bib0125] found that the posterior cingulate gyrus was de-activated during differential conditioning.

Apart from this *dual route*, the bilateral activation of the globus pallidum (a structure involved in movement regulation, inhibiting cerebellum impulses) has been found in other studies on specific phobias ([@bib0125], [@bib0145]). The bilateral activaction of the parahippocampal gyrus--a memory area particularly associated to the coding and recognition of enviromental stimuli--has been found in the studies reviewed by [@bib0125]. The bilateral activation of the insula is associated with subjective distress in phobic individuals ([@bib0110]) and conditioned fear ([@bib0125]).

The pars orbitalis, triangularis, and opercularis (inferior frontal cortex) exhibited a differential activation in the presence of phobic stimuli. These areas are involved in emotional regulation of phobias, generally according to the information received from the amygdala ([@bib0005]; [@bib0010]; [@bib0060]; [@bib0165]; [@bib0225]; [@bib0255]; [@bib0260]). In addition, [@bib0050] found that areas such as the inferior frontal gyrus, parietal lobule, temporal areas, and anterior cingulate gyrus are involved in the inhibition of both cognitive and motor responses. This may suggest that the phobic participants in our study were inhibiting cognitions and escape behaviors in the presence of phobic stimuli.

The cerebellum is a structure involved in the acquisition and expression of emotional associative learning that is directly related to fear behavior ([@bib0025]; [@bib0250]). Our data are consistent with previous studies that found activation of the cerebellum in response to phobic stimulation ([@bib0085]; [@bib0090]; [@bib0125]; [@bib0145]; [@bib0265]).

When controls were exposed to phobic stimulation compared to neutral stimulation we also found activation in several similar brain areas, such as the thalamus, amygdala, occipital and parietal cortex, hippocampus, parahippocampal gyrus, fusiform gyrus, and supraorbital cortex. This result is similar to those reported by [@bib0090]. Yet, there were no differences in the insula and anterior cingulate gyrus. The prefrontal activation pattern was different compared to phobic individuals. There was activation in the pars triangularis and opercularis, but not in the pars orbitalis.

A possible explanation may be that non-phobic individuals were expressing emotional activity, but without the cognitive distress process (assigned to the left insular cortex) or the emotional regulation of the medial and orbital prefrontal cortex. Indeed, these participants did not show anxiety, as shown by their scores on the inventories. Other authors have found similar results, supporting the differences between anxiety (phobic individuals) and distress (non-phobic individuals). [@bib0265] studied individuals with spider phobia and suggested that the insula is related to a defensive response and the amygdala is related to the detection of emotionally relevant stimuli. [@bib0280] also found higher activation of the amygdala to faces with emotional expressions than to phobic stimuli involving small animals.

These findings are consistent with our results, since seeing cockroaches caused emotional changes in both phobic and non-phobic individuals. Cockroaches as stimuli may be more likely to elicit disgust, aversion, and fear, because they are associated with the transmission of diseases, dirty places, sewers, etc. Yet, the phobic group also showed a defensive behavior, due to the activation of the insula. It would be interesting to test if this same pattern of activation can be found in individuals with specific phobia of small animals less associated with contamination and dirt (e.g., spiders or lizards).

Complementary results are provided by [@bib0230], who found bilateral activation of the amygdala in response to unpleasant pictures, and joint activation of the amygdala and insula in response to phobic pictures. In our study, although cockroaches are insects that are likely to lead to a response of disgust and distress in non-phobic persons, the defensive response was only shown by phobic individuals.

In relation to the above, phobic individuals exhibited a higher activation of the right middle temporal gyrus than non-phobic individuals. However, controls showed higher activation of the left middle temporal gyrus. According to [@bib0220], this is consistent with our results, because activation of the right middle temporal gyrus is more associated with a phobic response, and activation of the left middle temporal gyrus is more associated with a disgust response.

This study has several limitations. First of all, sample size may affect the reliability of results ([@bib0080]). This study only used a type of specific phobia (cockroach phobia) with few experimental stimulation conditions. We cannot establish if these results are due to a phobic condition or can also be observed in anxious non-phobic individuals. Moreover, we did not assess participants' level of disgust as an emotional state different from fear/phobia ([@bib0045]). Also, due to sample size, gender differences could not been taken into account.

In conclusion, the data support the existence of a dual route in the processing of phobic stimuli: one route directly related to emotional processing (short/non-conscious), and another route involving several brain areas more related to a cognitive processing of feared stimuli (long/conscious).
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[^1]: *Note.* Cohen\'s *d* was calculated taking into account *t* value and groups' size.
